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  I 
摘 要 
目的： 
 ADM 诱导建立稳定的肝癌耐药细胞模型，破坏耐药细胞脂筏结构，明确脂
筏是否及如何调节 Erk1/2 信号通路活性及肝癌耐药细胞耐药性。 
方法： 
1.采用ADM大剂量间歇冲击诱导肝癌耐药细胞。MTS法检测不同浓度ADM
作用下细胞增殖抑制率，SPSS 软件进行 Probit 分析并计算半数抑制浓度（IC50）
获得耐药指数。 
2. 甲基-β -环糊精（MβCD）消耗胆固醇破坏脂筏结构，用 Alexa Fluor 488- 
CtxB 标记脂筏，激光共聚焦显微镜下观察绿色荧光的多少判断脂筏含量，验证
MβCD 破坏效果。 
3. Western Blot 检测脂筏破坏前后和 PD98059 作用后 Erk1/2 信号通路相关
蛋白表达及磷酸化水平， ImageJ gray scale scanning software 进行定量分析。 
4. MTS 检测脂筏破坏前后及 PD98059 作用后肝癌耐药细胞株在不同浓度
ADM 作用下的细胞增殖抑制率并计算耐药逆转倍数。 
5. 流式细胞仪检测脂筏破坏前后和 PD98059 作用后 ADM（1 mg/L）诱导
24 小时后的细胞凋亡率。 
6．流式细胞仪检测脂筏破坏前后 5µg/ml 罗丹明 123 孵育细胞 45min 后细胞
内罗丹明 123 的荧光强度，Western Blot 检测脂筏破坏前后 p-gp 的蛋白表达。 
结果： 
1. 诱导得到耐药细胞株：SMMC7721/ADM、BEL7402/ADM。与亲本细胞
相比，耐药细胞在 0.25, 1, 4, 16 and 64 μg/ml ADM 作用下对阿霉素的敏感性明显
下降，细胞增殖抑制率降低， IC50 显著升高，SMMC7721/ADM、BEL7402/ADM
的耐药指数分别为 17.07、14.28。耐药细胞株与亲本株相比，Erk1/2, MEK, c-Raf
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总表达及磷酸化表达 p-Erk1/2, p-MEK, p-c-Raf 均明显增加。 
2. MβCD 作用于耐药细胞后，激光共聚焦显微镜下绿色荧光明显减弱，即脂
筏含量明显降低，说明 MβCD 破坏脂筏效果明显。 
3. MβCD破坏脂筏后,p-Erk1/2, p-MEK, p-c-Raf蛋白表达明显增强，而Erk1/2, 
MEK, c-Raf 总蛋白表达基本没变；P-EGFR 表达明显增强。用 PD98059 作用后
Erk1/2 磷酸化水平明显降低。 
4. MβCD 破坏脂筏后，SMMC7721/ADM 和 BEL7402/ADM 细胞对 ADM 的
IC50分别降到 1.71±0.142μg/ml、1.467±0.17μg/ml，逆转倍数为 2.79、1.77。PD98059
作用后，SMMC7721/ADM 和 BEL7402/ADM 细胞对 ADM 的 IC50 分别降到
3.324±0.184μg/ml、1.879±0.174μg/ml，逆转倍数为 1.43、1.38。MβCD、PD98059
联合作用后，肝癌耐药细胞对 ADM 的 IC50 分别降到 1.552±0.037μg/ml、
1.334±0.079μg/ml，逆转倍数为 3.07、1.95，逆转倍数高于单独使用。 
5. MβCD 破坏脂筏后，细胞株对 ADM 的敏感性增加，1mg/L ADM 诱导后
细胞凋亡增加。PD98059 作用后，细胞凋亡增加。MβCD、PD98059 联合作用后，
细胞凋亡增加高于单独使用。 
6. MβCD 作用后，流式细胞仪检测细胞内罗丹明 123 蓄积增加，外排减少，
P-gp 活性减弱；P-gp 蛋白表达没有明显改变。 
结论： 
1. Erk1/2 信号通路高表达与肝癌细胞耐药性正相关。 
2. MβCD 破坏脂筏，Erk1/2 信号通路活性增加。 
3. MβCD 破坏脂筏，肝癌耐药细胞 p-gp 活性降低，耐药性降低。 
4. MβCD 破坏脂筏后 PD98059 抑制 Erk1/2 通路活性，肝癌细胞耐药性降低，
证实了脂筏破坏后 Erk1/2 信号通路仍然参与耐药性的调节。 
关键词： 脂筏; 肝癌耐药细胞; Erk1/2; 多药耐药 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  III 
Abstract 
Objective 
The present study assessed the effect of lipid raft to the activation of receptor 
tyrosine kinase signaling and wheather lipid raft produce an effect on the multidrug 
resistance (MDR) of human hepatoma cells. 
    Methods 
1.The SMMC7721/ADM and BEL 7402/ADM cells were harvested after a long 
period of culture using pulse treatment with high concentration of Adriamycin (ADM), 
and the sensitivities were evaluated by CellTiter 96R AQueous One Solution in 
different concentrations through calculating the half maximal inhibitory concentration 
(IC50) of ADM. Values of IC50 were evaluated by the probit analysis using SPSS. 
Resistance index (RI) was calculated according to the formula: RI = (IC50 for MDR 
cells) / (IC50 for parental cells). 
2. MβCD binds specifically to cholesterol to disturb the association of proteins 
with lipid rafts. Alexa Fluor 488 is able to mark CtxB dyed lipid rafts green, the 
content of lipid rafts can be determined by the intensity of green fluorescence under 
the laser confocal microscopy.  
3. After MβCD or PD98059 treatment, western blot was used to detect  the 
expression levels of protein.  
4. After MβCD or PD98059 treatment, an annexin V-FITC/PI staining Kit was 
used to measure apoptosis caused by 1 mg/l ADM incubation 24h. 
5. After MβCD treatment, flow cytometry was used to detect rhodamine 123 
accumulation caused by 5 µg/ml rhodamine 123 incubation 45min. 
Results 
1. The SMMC7721/ADM and BEL7402/ADM cells showed a stable drug 
resistance. Compared with their parent strain cells, the cell proliferation inhibition 
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rates in resistant cells incubated with 0.25, 1, 4, 16 and 64 μg/ml ADM for 24 h were 
reduced and the IC50 values of ADM were obviously increased. The RI of the 
SMMC7721/ADM and BEL7402/ADM cells was 17.07 and 14.28 respectively. The 
data showed the expressions of Erk1/2, MEK, c-Raf, p-Erk1/2, p-MEK and p-c-Raf 
was significantly higher than that of non-resistant parent cells. 
2. After cells were treated with 5mM MβCD, green fluorescence decreased 
significantly, demonstrating definitely the destructive effect of MβCD on lipid rafts. 
3. After MβCD treatment and EGF stimulation, the expression of p-Erk1/2, 
p-MEK, p-c-Raf showed obvious increases, while the total Erk1/2, MEK and c-Raf 
hardly changed and increased phosphorylation of EGF receptor. The phosphorylation 
of Erk1/2 was reduced after PD98059 treatment.  
4. After MβCD treatment, the sensitivity to ADM was significantly raised. In the 
SMMC7721/ADM and BEL7402/ADM cells, the IC50 values to ADM were 
decreased to 1.71±0.142 μg/ml and 1.467±0.173 μg/ml, meanwhile, the reversal 
levels of resistance to ADM were 2.79-fold and 1.77-fold respectively. After the 
PD98059 treatment, the IC50 values in the human hepatoma resistant cells were 
reduced to 3.324±0.184μg/ml and 1.879±0.174μg/ml, meanwhile, the reversal levels 
of resistance to ADM were 1.43-fold and 1.38-fold respectively. After the MβCD 
and PD98059 treatment jointly, the IC50 values of ADM in the cells were reduced to 
1.552±0.037μg/ml、1.334±0.079μg/ml, meanwhile, the reversal levels of resistance 
to ADM were 3.07-fold and 1.95-fold respectively. 
5. After MβCD or PD98059 treatment, the sensitivity to ADM was obviously 
increased and the percentage of apoptosis was enhanced. 
6. The accumulation values of intracellular Rh-123 in the cells treated with 
Mβ CD was elevated than that of the control cells respectively. It indicated that the 
efflux function mediated by P-gp was significantly downregulated after Mβ CD 
treatment. Further,we found the expression of P-gp hardly changed. 
Conclusions 
1. The the expression of Erk1/2, MEK, c-Raf, p-Erk1/2,p-MEK,p-c-Raf was 
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increased in the resistant cells. 
2. lipid rafts destruction by MβCD significantly increased phosphorylation of 
EGF receptor and its downstream Erk1/2 pathway. 
3. lipid rafts destruction by MβCD reduced the resistance of SMMC7721/ADM 
and BEL7402/ADM cells and the activity of P-glycoprotein (P-gp). 
4. lipid rafts destruction by MβCD and PD98059 reduced the resistance of 
SMMC7721/ADM and BEL7402/ADM cells, the results assessed Erk1/2 pathway 
produce an effect on the decrease of resistance after lipid rafts destruction. 
Keywords 
lipid rafts; human hepatoma resistant cells; Erk1/2; multidrug resistance 
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英文名词及缩略词表 
缩略词 英文全称 中文全称 
ABC ATP-binding cassette transporter ATP 转运蛋白 
ADM Adriamycin，Doxorubicin 阿霉素 
BCR B cell receptor B 细胞受体 
BCRP breast cancer resistance protein 乳腺癌耐药蛋白 
Bcl-2 B cell lymphoma 2 B 细胞淋巴瘤基因-2 
BSA Bovine Serum Albumin 牛血清白蛋白 
CtxB cholera toxin B subunit 霍乱毒素 B 亚单位 
DMSO Dimethyl sulfoxide 二甲基亚砜 
ECL Enhanced chemiluminescence 化学发光自显影 
EGF Epidermal Growth Factor 表皮生长因子 
EGFR Epidermal Growth Factor Receptor 表皮生长因子受体 
Erk Extracellular signal-regulated kinase 细胞外信号调节激酶 
FBS Fetal bovine serum 胎牛血清 
FCM Flow cytometry 流式细胞分析 
FITC Fluorescein isothiocyanate 异硫氰酸荧光素 
GAPDH 
Glyceraldehyde-3-Phosphate 
Dehydrogenase 
甘油醛-3-磷酸脱氢酶 
GM1 Ganglioside 酸性四己糖神经节苷脂 
GST Glutathione S-Transferase 谷胱甘肽 S-转移酶 
GTP Guanosine triphosphate 鸟苷三磷酸 
HCC Hepatocellular Carcinoma 肝细胞癌 
HRP Horseradish Peroxidase 辣根过氧化物酶 
IC50 Half maximal inhibitory concentration 半抑制浓度 
MβCD Methyl-beta-cyclodextrin 甲基-β-环糊精 
MDR Multidrug resistance 多药耐药 
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MRP Multidrug Resistance Associated Protein 多药耐药相关蛋白 
OD Optical Density 光密度 
PAGE PolyAcrylamide Gel Electrophoresis 聚丙烯酰胺凝胶电泳 
PBS Phosphate-Buffered Saline 磷酸盐缓冲液 
P-gp P-glycoprotein P-糖蛋白 
PLC Primary Liver Cancer 原发性肝癌 
PI Propidium iodide 碘化丙啶 
PKC Protein Kinase C system  蛋白激酶 C 
P/S Penicillin-Streptomycin 青-链霉素 
PVDF Polyvinylidene Fluoride 聚偏二氟乙烯膜 
Rh-123 Rhodamine 123 罗丹明 123 
RI Resistance index 耐药指数 
SDS Sodium dodecyl sulphate 十二烷基磺酸钠 
SFC Serum-free culture 无血清培养 
Topo Topoisomerase 拓扑异构酶 
WB Western blotting 蛋白质免疫印迹法 
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 1 
第一章 前 言 
1.1 肝癌耐药概况 
原发性肝癌（PLC）是我国临床常见的恶性肿瘤，根据相关临床数据统计分
析有很高的致死率且发病率逐年上升，早期临床症状隐匿、发展速度快、极易发
生转移和复发、恶性度极高，严重威胁患者的生命健康 [1, 2]。根据病理分型，PLC
中绝大多数为肝细胞癌（HCC），多种因素共同参与肝细胞癌的发生发展：外源
性因素包括物理和化学刺激、致病感染、饮食习惯、生活方式、社会压力等；内
源性因素包括个人遗传、免疫功能、内分泌调节紊乱等等。它们异常或改变都有
可能会引起机体正常细胞生理功能改变：原癌相关基因激活、抑癌相关基因失活、
细胞分化和调控异常、细胞周期紊乱、细胞凋亡发生障碍、信号传导通路激活异
常等，这些异常改变单独或多个联合长时间作用，最终导致肝癌发生。目前，手
术治疗肝切除术仍然是肝癌最主要的治疗方法[3]，但是由于肝癌早期症状不明
显，在确认诊断时，很多患者已经失去了手术治疗的最佳时机；同时，为了避免
肝癌病人术后复发，也需要继续进行相关辅助治疗。因此，在肝癌的治疗方法中，
除了手术治疗之外的其他多种方法也十分重要，其中化疗是重要的环节之一[4, 5]，
它通过影响肿瘤细胞基本生理代谢功能，杀灭并且抑制其快速生长，加快肿瘤细
胞分化，从而使肿瘤细胞减少，进而阻止其复发和转移。但是，多药耐药（MDR）
的产生严重影响了化疗的效果。尽管抗肿瘤药物种类众多，且新的药物被研发并
应用于临床，联合治疗方案不断改进，然而肝癌患者化疗效果并不是很好。因此，
在临床治疗中肝癌被认为是化疗敏感性最差的肿瘤之一[6]。MDR 是指长期接触
某一化疗药物，使肿瘤细胞对此种药物的敏感性较低产生耐药性的同时，对别的
构造和功能有差异的多种化疗药物同时产生交叉耐药，这是机体肿瘤细胞自身免
受化疗药物攻击的最重要的防御机制，也是导致肝癌化疗失败的最重要原因之一
[7, 8]。因此，研究肝癌多药耐药的产生机制及如何逆转耐药，以提高肝癌化疗效
果现已成为肝癌领域研究的热点和难题。 
肿瘤细胞多药耐药是细胞内膜、质、核内产生的多种途径共同作用的结果，
其形成机制多而复杂，其中最经典的机制是糖蛋白(P-gp)的高表达[9-14]。P-gp 属
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